Linear optical quantum computing (LOQC) schemes, such as single photon quantum gates, require sources of pure single photons. Such single photon sources may be realized via photon pair generation by parametric downconversion (PDC). In this process pump photons inside a medium with a χ (2) -nonlinearity decay into two photons typically labelled signal and idler. The photon number correlation between the resulting fields can be exploited to herald the existence of one photon by detection of its partner. However the purity of the heralded photon is limited by correlations within each photon pair arising from energy and momentum conservation between pump, signal and idler photons. It has been shown that these correlations may be eliminated either by spectral filtering of the generated photon pairs or by group velocity matching [1] . The effective downconversion rate can be considerably improved by waveguided PDC. However in order to generate separable photon pairs in waveguides, either extremely narrow filter bandwidths are needed or the photon pair generation is limited to very specific wavelengths and materials by group velocity matching.
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Here we propose a new method of heralding pure single photons by the use of waveguided PDC with counterpropagting photon-pairs [2] : one travels with the pump beam while the other is backpropagating towards the laser source ( Fig. 1(a) ). The wavelengths of these generated photon pairs, can be freely engineered by microstructured periodic poling [3] of the χ (2) -nonlinearity of the crystal and an appropriately chosen pump wavelength. This setup has profound advantages over the common method of creating copropagating photon pairs.
Our calculations reveal that the generated photon pairs carry minimal spectral correlations within each photon pair ( Fig. 1(b) ). Furthermore the separability of the generated photon pairs is almost independent of the chosen material and wavelength regime, from 800 nm (where detectors are most efficient) to 1550 nm (the wavelength with minimal loss in optical fibers). Finally the backpropagating photon will exhibit a very narrow bandwidth ideally suited for long distance transmission in optical fibers. We present a theoretical treatment of counterpropagating PDC and a numerical analysis of the achievable purity for different materials and wavelength ranges. Our study demonstrates that, in this new regime of counterpropagating PDC, highly nonlinear materials previously considered unsuitable due to their unfavorable phasematching properties (such as PPLN) can be used to herald pure single photons over a broad frequency range.
